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(71) We, Magic Dot, Inc., a Corpora- 
tion organised and existing under the laws of 
the State of Delaware, United States of 
America of 40 WasWngton Avenue South, 
5 Minneapolis, Minnesota 55401, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly dcs- 

10 cribed in and by the following statement: — 
The present invention generally relates to 
switches, more particularly relates to elec- 
tronic switches, and still more particularly 
relates to touch or proximity actuated elec- 

15 tronic switches. 

A touch or proximity actuated electronic 
switch which operates upon the mere touch 
or the mere proximity of an operator and 
without moving parts is deemed desirable to 

20 replace mechanical switches in substantially 
all switch applications. 

Further, a touch or proximity actuated 
electronic switch which can be inexpensively 
fabricated, which can be fabricated in smaU 

25 size, which is reliable, which provides a high 
noise suppression or immunity, which is 
easily fabricated, and which operates upon 
input currents of a level below that 
dangerous to humans is to be desired. 

30 According to the invention there is pro- 
vided a touch or proximity actuated electro- 
nic switch, comprising in combination: a 
logic circuit including a first signal input 
and a second signal input for receiving res- 

35 pective signals to be compared and including 
. a signal output for providing an output signal 
related to the differences in the input signals 
received; one or two surfaces for actuation 
of the electronic switch by touching of the 

40 or either surface by a person or by proxknity 
to the or either surface of the person; means 
providing an electrical connection between 
the or each said surface and a Tes{)ective one 
of the signal inputs of the logic circuit; and 

45 a circuit adapted to be supplied with elec- 
trical power and to apply alternating volt- 
age signals normally substantially balanced 
in phase and amplitude to the first and 
second signal inputs of the logic circuit, the 



switch being adapted so that imbalance at ^0 
least in phase of the voltage signals applied 
to said first and second signal input is caused 
in use by the person's touching or being in 
proximity to the or either said surface, due 
to capacitance of the person, so as to actuate 55 
the switch. 

The invention will be described by way 
of example with reference to the accompany* 
ing drawings, wherein: — 

Figure 1 shows a schematic/block diagram 60 
representation of a touch or proximitv actu- 
ated electronic switch according to tne pre- 
sent invention with various portions of the 
schematic enclosed within dashed and solid 
lines to indicate major functional blocks. 65 

Figure 2 shows an alternate embodiment 
of a portion of the circuitry of Figure 1. 

Figure 3 shows a preferred embodiment 
of circuity usable in the switch of Figure 
1. 70 

In Figure 1, the touch or proximity actu- 
ated electronic switch, (referred to for brevity 
as "touch actuated" hereinafter) generally 
designated 10, is shown as including so-called 
"touch" surfaces 12 and 13, a differential 75 
sensing block 14, including a logic circuit, 
input circuitry 15, an integrating means, in 
the form of a capacitor 16, and an additional 
amplifier block 18. A power supply provid- 
ing power to the aforementioned parts is also 80 
shown as is a source of common mode alter- 
nating voltage sl^al, designated 22. 

With more particularity, touch surfaces 12 
and 13 are shown as connected to junction 
points 26 and 24 respectively of input cir- 85 
cultry 15 to differential sensor 14, in this pre- 
ferred embodiment an exclusive OR logic 
circuit. Wire 28 is electrically connected be- 
tween touch surface 12 and junction point 26 
through a resistor 32 inserted to assure a 90 
level of current bdow that dangerous to 
humans as between touch surface 12 and the 
remaining electronics. Similarly, wire 30 is 
electrically connected between touch surface 
13 and junction pomt 24 tiurough a resistor 95 
34 and is of substantially the same lenglJh as 
wire 28. The twisted pair 28 and 30 is used 
to obtain a better noise suppression or noise 
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immunity in conjunction with differential 
sensor 14 when a long input connection is 
used between touch surfaces 12 and 13 and 
sensor 14. 

5 Junction {joints 24 and 26 are then inter- 
connected with the dual inputs 21 and 23 to 
sensor 14 by wires 25 and 27, respectively. 
Also connected to input circuitry junction 
points 24 and 26 is a common mode altemat- 
10 mg voltage signal from blocks 20 and 22. 
With more particularity, power supply- 20 
includes a transformer generally designated 
36 having a primary wmding 38 and a secon- 
dary winding 40. Primary winding 38 in- 
15 dudes terminals 42 and 44 connected to a 
source of alternating frequency power with 
' terminal 44 shown as connected to earth 
ground, designated 46. 
Block 22 is also connected between ter- 
20 minal 42 of transformer 36 and earth ground 
46, as by wire 48 having one end connected 
to terminal 42 and the other end connected 
to a voltage divider resistor 50. Resistor 50 
in turn is connected to a junction point 52 
25 also connected to an additional voltage 
divider resistor 54 which, in turn, is con- 
nected to earth ground 46 by a wire 56. 
Block 22 is then connected to junction points 
24 and 26 by a wire 58 extending between 
30 junction point 52 within block 22 and a fur- 
ther junction point 60 within input circuitry 
15 which, in turn is connected to junction 
point 24 through a resistor 62 and to junc- 
tion point 26 through a resistor 64. 
35 A means for providing an input signal 
shunt to sensor 14 is shown as resistor 65 
connected across junction points 24 and 26, 
Tlius. input circuitry 15 includes resistors 
32, 34. 62. 64. and 65, junction points 24, 
40 26. and 60, and wires 25, 27, and 58. 

The remaining parts of power supply 20 
include a rectifying diode 66 connected be- 
tween a first terminal 68 of transformer 
secondary 40 and a junction point 70 also 
45 connected to one side of a filtering capacitor 
72. The other connection to capacitor 72 is 
made to a junction point 74 which is also 
connected to another termmal 76 of trans- 
former secondary 40 and to earth ground 46. 
50 Sensor 14, in me preferred embodiment, is 
a conventional exclusive OR gate formed of 
complementary logic gates such as the num- 
ber MC14507AL or MC14507CL exclusive 
OR circuitry currently sold by Motorola 
55 Semiconductors which uses MOS P-channel 
and N-diannel enhancement mode semi-con- 
ductors. Since this lo^c cell is of the standard 
type v/hidi may be identified as type 4030» 
it can be obtained from other manuiactuiers 
60 also. For example, RCA. solid state division, 
sells a model QD4030 series logic circuit suc- 
cessfully used. The Motorola unit is shown, 
however, and pref ened. 
Sensor 14. as seen in Figure 3, then in- 
65 dudes MOS devices 85—95. inclusive, and 



diodes 110 and 111 interconnected between 
inputs 21 and 23 and a lo^c output 140. 
A bias termmal 142 for logic circuit 14 is 
connected to circuit ground 84 by a wire 144, 
and a second bias terminal 146 is connected 70 
to a source of D.C. voltage from power sup- 
ply 20, as available at junction point 70 by 
means of wire 156, junction point 158, and 
wire 160. 

Outout 140 of logic drcuit 14 is then con- 75 
necteti to a junction point 176 through a 
diode 178 having its anode connected to out- 
put 140 and its cathode connected to junc- 
tion point 176. Junction point 176 is further 
connected to circuit ground 84 through a 80 
paralld connection of capacitor 16 and a 
resistor 180. Junction point 176 is also con- 
nected to the input 182 of amplifier 18 
through a resistor 183, 

Amplifier 18 includes a Darlington 85 
arrangement of NPN transistors 184 and 186 
having their common collectors connected to 
junction point 158 through a current limiting 
resistor 188. The base of transistor 184 is 
connected to amplifier input 182, while the 90 
emitter of transistor 186 is connected direct- 
ly to the base of a further NPN transistor 
190 and also to circuit ground 84 through a 
series cormection of resistor 192, diode 194, 
junction point 196, and resistor 198. The col- 95 
lector of transistor 190 is also connected to 
junction point 158 through a further current 
limitmg resistor 200. Junction point 196 is 
also connected to the emitter of transistor 
190 and to tiie base of a f urtiier NPN tran- 100 
sistor 202 which has its collector connected 
to output 204 of amplifier 18 and its emitter 
connected to circuit ground 84. 

The load resistor of switch 10 is generally 
designated 206 and shown as connected bfr* 105 
tween output 204 and junction point 158. It 
wiU be recognized by tiiose skilled in the art 
that load resistor 20o may represent an actual 
resistor or any other dectronic load for the 
switch 10. Depending upon the current re- 110 
quirements of the actual load required to be 
switdied, as represented by load resistor 206, 
the precise configuration of the electronic 
switdi 10 will be set 

That is. while the switch will always ui- 115 
dude differential sensor 14 indudmg a logic 
circuit and having differential inputs, tiie 
precise configuration and number of stages 
will be dictated by the current requirements 
and nature of the load. Explained further, 120 
smce the input current desired to be utilized 
is bdow the threshold found harmful to 
humans, i.e. below one microamp, the confi- 
guration and number of stages necessary to 
sense and amplify this current reliably and 125 
provide the desired output current to load 
206 will simply be the number of stages re- 
quired to provide whatever output current is 
desired from the preferred low level input 
current avmlable. Therefore, the configura- 130 
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tion of logic circuit 14 may change radically, 
as by changes in the number of stages or in 
the addition of preampiifying buSers gener- 
ally in response to output current requke- 
5 ments. Also, the exact configuration of amp- 
lifier 18 wiU change with changmg require- 
ments on the switch and may not be required 
at aU. 

Preferred values for various of the com- 
10 ponents of the switch 10 may now be given. 
The voltage provided by power supply 20 is 
of a polarity and value compatible with the 
remamder of the circuit. In the preferred em- 
bodiment shown, a voltage at junction point 
IS 70 is shown as positive with respect to circuit 
ground 84 and of a value of 15 volts. No 
limitation whatever to this polarity or value 
is intended. 
Further, as a general comment, while pre- 

20 ferred values of electronic components are 
given hereinafter, it will be realized by those 
skilled in the art that no limitation to these 
values is intended unless specifically indic- 
ated. The values are given as a guide and 

25 as an aid to utilizing the present invention. 
The value of resistors 32 and 34 are in 
the megohm range and, as indicated, are 
intended to protect the user of the touch 
surfaces from any possible electrical shock 

30 hazard or electrical insulation breakdown. 
Resistors 32 and 34 further protect the cir- 
cuitry from damage from voltage existing 
upon a user, for example static electricity 
charges. Thus the minimum value of these 

35 resistances is dictated bv both considerations. 
Maximum values are dictated by practicality 
of manufacture and by consideration of the 
currents to be expected through these resis- 
tors such that these resistors do not unduly 

40 limit input currents. 

Resistors 62 and 64 are in the range of 
100 kilohms to 300 megohms with a pre- 
ferred value in the area of 2.2 megohms to 
300 megohms, depending on the switch sen- 

45 sitivity desired. With a low value of resist- 
ance, a lower differential signal input is 
needed to actuate the switch, as will be ex- 
plained in further detail hereinafter, thus re- 
sulting in a higher switch sensitivity. Con- 

50 versely, a higher value of resistors 62 and 
64 needs a higher differential signal to actu- 
ate the switch, thus resultmg m a lower 
switch sensitivity. 
Switch sensitivity is to be taken in its nor- 

55 ma] sense of the amount of input signal re- 
quired to obtain an output from the switch, 
with a switch of low sensitivity requiring a 
higher input signal to obtam an output and 
a switch of high sensitivity requiring a lower 

60 input signal to obtain an output Applied 
to the switch 10. a high sensitivity would 
allow the switch to be operated, for example, 
with a gloved hand, or by mere proximity of 
the hand while at a slight distance from the 

65 touch surfaces 12 and 13. As can be seen, the 



degree of proximity required to actuate is 
directly related to the sensitivity of the 
switch. 

Resistors 50 and 54 are for voltage division 
of an alternating voltage signal and are gene- 70 
rally in the range of 10 kilohms into the meg- 
ohm area, depending upon impedance levels, 
as will be apparent to those skilled in the art. 
Also, block 22 including these resistors may 
take other forms and yet provide the com- 75 
mon mode signd requirements of the switch 
10. ITiese other forms may embody a trans- 
former with an output at the desired voltage, 
a voltage tap on transformer 36 of power 
supply 20, a large series resistor to reduce 80 
voltage and current to desired values, or an 
oscillator, for example. 

Resistors 65, m the preferred embodiment 
is in the megohm range, as will be discussed 
further heremafter. 85 

The values of capacitor 16 and resistor 
180 are chosen to have a tune constant, ie., 
the product of the value of the capacitance 
multiplied by the value of the resistance 
which is significantly greater than the period 90 
of the alternating voltage signal applied at 
junction point 60 of input circuitry 15. Thus, 
for a preferred and assumed frequency of 
60 hertz, as discussed below, a value of capa- 
citor 16 of approximately 4,000 picofarads 95 
and a value of resistor 180 of 20 megohms 
yielding an approximate RC time constant 
of 80 milliseconds has been foimd^ to be 
appropriate. Generally, since the switch 10 
is designed to be fabricated by integration 100 
or thick fihn techniques, the value of capaci- 
tor 16 is chosen sufficientiy small to allow 
such fabrication. The value of resistor 180 
is then chosen to be compatible with the 
chosen value of capacitor 16 according to 105 
the above set out constramts. 

The alternating frequency for which all 
values are given is 60 hertz, a conventional 
power line frequency available without effort 
in most locations in the United States of 110 
Am^ca. Other frequendes may be used, 
both higher and lower than the 60 hertz indi- 
cated, with the limitations on frequency aris- 
ing from availability of a source of ocilla- 
tion, the desirability of integrating the switdi 115 
on a substrate, and other limitations more 
well-known to designers in the art. 

Amplifier 18 may alternatively be a con- 
ventional amplifier providmg the current re- 
quirements of the switch, as discussed here- 120 
in, sudi as an MOS amplifier or logic buffer. 

The alternating voltage input de^ed is of 
a broad range depending upon the sensitivity 
desked, as will be explained further herein- 
after. For the 60 hertz frequency of the pre- 125 
ferred embodunent, voltages in the range of 
four to 150 volts peak to peak have been 
used successfully. 

Basically, the switch 10 operates upon the 
touch of surface 12 or 13 oy a person re- 130 



4 



1.491,348 



4 



ferred to as the operator, or by proximity 
of the operator to surface 12 or 13. The 
capacitance of the operator's body, found 
to be approximately 50 — 100 picofarads, re- 
5 suits in an unbalanced or differential input 
signal being applied to differential sensor 14 
which affects tiie charge of capacitor 16. The 
charge of capacitor 16 then iSccXs the state 
of amplifier 18 such that the electrical im- 

10 pedance between terminal 204 and circuit 
ground 84 takes a first state assuming a high 
impedance, electrical open circuit, or "OFF" 
switch condition or a second state assuming 
a low impedance, electrical short circuit, or 

15 "ON" switch condition to thereby approxi- 
mate the tv/o states of a conventional mecha- 
nical electrical switch, with the condition 
assumed by the impedance between terminals 
204 and 84 being dependent upon v/hetlier or 

20 not an operator has touched surfaces 12 or 
13. 

More particularly, common mode block 
22 provides an alternating voltage common 
mode signal to both inputs 21 and 23 of dif- 

25 ferential sensor 14, through input circuitry 
15. It is a well-known characteristic of an 
exclusive OR logic circuit that an output is 
provided by the circuit at any time when the 
signal inputs provided differ by an amount 

30 exceeding the voltage threshold of the cir- 
cuit For the MOS circuit shown in Figure 
3, the threshold is approximately one-half 
of the voltage applied across terminals 142 
and 146. 

35 Thus, if no signal whatever is provided to 
inputs 21 and 23, logical "0" is provided 
by sensor 14. Similarly, and more to the 
point with regard to the switch 10. a balanced 
alternating voltage signal applied to inputs 

40 21 and 23 will also result m a logical "0" 
output Notice that the signal must not only 
be balanced in amplitude, but also in phase, 
a characteristic which is used in operating 
the switch 10. Notice further that the exact 

45 voltage polarity which is associated with a 
logical "0" or a logical "1" may vary with 
manufacturers, and is not a factor in the 
switch 10 since the exact polarity will only 
reflect in the design of the succeeding stages 

50 and not change the inherent function of 5ie 
succeeding stages. Note also that because an 
exclusive OR circuit is used, there is no dif- 
ference in the output provided at output 
140 if the voltage applied to input 21 ex- 

55 ceeds or is less than the voltage applied to 
input 23. In either case, sensor 14 provides 
a logical "1" of the same polarity at output 
140. 

Assuming sensor 14 is in a quiescent state, 
60 with the alternating voltage signal supplied 
to input circuitry 15 balanced with respect 
to the differential inputs 21 and 23, the quie- 
scent voltage at output 140 of sensor 14 is 
dther near the supply voltage appearing at 
65 junction pomt 146 or near the voltage 



appearing at circuit groxmd 84. In the pre- 
ferred circuitry of Figure 3, the quiescent 
voltage is near ckcuit ground 84. Thus, no 
voltage appears across capacitor 16, and it is 
uncharged. With no voltage across capacitor 70 
16, no input is provided to amplifier 18 and 
thus the unpedance between amplifier output 
204 and circuit ground 84 is substantially an 
open circuit. In this state, the switch may be 
considered in an "OFF" condition. 75 

The particular state of the impedance be- 
tween output 204 and circuit ground 84 may, 
however, be controlled to either condition, as 
by selection of a differential sensor 14 where- 
in the quiescent condition of output 140 is 80 
near the supply voltage appearing at terminal 
146. This quiescent condition would result 
in bias to amplifier 18, and render transistor 
202 conducting to thus provide an electrical 
short circuit across amplifier output 204 and 85 
circuit ground 84. Thus, either normal switch 
condition can be designed as the quiescent 
condition for the sv/itch 10. 

Thus, this flexibility in the components of 
switch 10 allows it to exist m either an "ON" 90 
or "OFF" switch condition indicated above 
before the operator's touch and the inverse 
switch condition after the operator's touch. 
Further, by appropriate latching or other 
feedback, fiie switdi 10 can be made as a 95 
latchmg switch or any other switch configu- 
ration rather than the momentary switch 
discussed herein. 

Assuming a quiescent condition for switch 
10 with transistor 202 of amplifier 18 non- 100 
conductmg and presenting substantially an 
open circuit between amplifier output 204 
and circuit ground 84, the operator's touch 
or approach at one of surfaces 12 or 13 pro- 
vides a capacitance between one of the dual 105 
inputs 21 and 23 of sensor 14 and ground 
46. This additional capacitance unbalances 
the phase of the alternating voltage signal 
apphed through junction point 60 as it is 
applied to sensor inputs 21 and 23. 110 

More particularly, assuming that the 
operator's body provides a capacitance be- 
tween touch surface 12 and ground 46, this 
capacitance would appear as between sensor 
input 23 and ground 46. Assuming the 115 
grounded version of the switch 10, where 
earth ground 46 is connected to circuit 
ground 84, the phase an^e of the alternating 
voltage signal applied to input 23 from block 

20 is caused to lag the phase of the altemat- 120 
ing voltage signal applied to input 21. Thus, 
assuming a sufficient phase diff^ence is 
created, at particular points in each cyde of 
the applied alternating voltage signal, the dif- 
ference between the voltage applied to input 125 

21 and that applied to input 23 will differ 
by an amount exceeding the threshold volt- 
age for the exclusive OR dccuit, and an out- 
put win be provided in the form of a series 

of pulses of a width Indicating the tune dur- 130 
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ing which the thieshold condition was ex- 
ceeded. 

Thus, due to the phase shift, the train of 
pulses appearing at output 140, during the 
5 times at which the threshold for sensor 14 is 
exceeded, charge capacitor 16, and the 
charge upon capacitor 16 in conjunction with 
resistor 183 appears as a cunent source to 
amplifier 18. This input current renders the 

10 transistors within amplifier 18 conducting 
and causes a change of state in switch 10 
such that the impedance across amplifier out- 
put 204 and circuit ground 84 changes from 
a high impedance to a low impedance con- 

15 dition. 

The manner in which the values of the 
components are selected for the switch 10 
may now be explained. 
A primary consideration is to provide al- 

20 temating voltage signals to tiie dual differen- 
tial inputs 21 and 23 of sensor 14 which are 
substantially balanced. This balance is con- 
trolled by the values of resistors 62 and 64. 
Therefore, resistors 62 and 64 have values 

25 which are balanced to provide the substan- 
tially balanced alternating voltage signal to 
inputs 21 and 23 of logic circuit 14. 

This may not mean that resistors 62 and 
64 must be exactly balanced because other 

30 circuit parameters, such as the input circuitry 
of differential sensor 14, may in fact require 
a slight imbalance, and "substantially 
balanced" should be interpreted accordingly. 
This has been found to be true of the RCA 

35 CD4030 series of exclusive OR gates, where 
one input has a transmission gate in series 
with the logic. For circuits sudi as that dis- 
closed in Rgure 3, and assuming other para- 
meters are normally balanced, using resistors 

40 of a ten percent tolerance and equivalent 
resistive rating has been found to result in 
. substantial bdance for the switch 10 with 
the inclusion of resistor 65, as (^scussed be- 
low. 

45 The preferred order of design is then to 
first select a value of resistors 62 and 64 as 
dependent upon the sensitivity desired, as 
defined above. Sensitivity, for a capacitive 
switch, is preferred to be the lowest sensi- 

50 tivity acceptable for the switch application 
because of the possibility of inadvertant or 
undesired switch actuation. 

If a high sensitivity is desired such that 
the switch 10 can be operated by the touch 

55 of a gjoved hand of the operator or by the 
approach to close proximity of the operator, 
then the value of resistors 62 and 64 is 
selected nearer the 300 megohm value given 
above* assuming the other parameters are as 

60 stated If a lower sensitivity is required to 
avoid any possibility of an undesired actua- 
tion of the switch and an actual firm touch 
of the operator's finger upon one of touch 
surfaces 12 or 13, a value nearer five me?- 

65 ohm would be selected. The exact value 



of resistors 62 and 64 depends upon the par- 
ticular configuration of sensor 14, the length 
of input wires 28 and 30, the value of the 
supply voltage available at junction pomt 70, 
the value of the alternating voltage signal 70 
available at junction point 52. and like con- 
siderations which dictate that no actuation 
of the switch occurs in the quiescent state. 

Next, in the preferred order of design, the 
amplitude of the alternating voltage signal 75 
is selected. The amplitude is selected by con- 
sidering the available voltage, as whether 
150 volt peak to peak line voltage is avail- 
able, only a lower value transformer voltage 
is available, or whether an artificial voltage 80 
must be created. Cost and access to such 
voltage is a definite factor in any design, 
since the switch 10 should be compatible 
with the remaining circuitry or other device 
switched. 85 

Generally, with the practical conditions in- 
dicated above in mind, the amplitude of the 
alternating voltage signal is selected as a fine 
tuning on switch sensitivity. That is, with a 
higher voltage, a higher switch sensitivity 90 
results because more voltage is available 
across resistors 62 and 64. Conversely, witii 
a lower value of alternating voltage signal 
from block 22, a lower switch sensitivity 
results. Note that the adjustment of altemat- 95 
ing voltage signal amplitude is a second order 
effect to the values of resistors 62 and 64 
themselves. 

Next, in an original design with newly 
selected components, it is desirable to check 100 
the circuitry for stability, i.e., whether a quie- 
scent condition can indeed be maintained, or 
whether random actuations of the switch 
occur from imbalances in resistors 62 and 
64. the length of input wiring 28 and 30, 105 
other imbalances in the circuit, and like con- 
ditions. If a slight imbalance is noted, result- 
ing in a series of rather narrow width spikes 
at the frequency of the alternating voltage 
signal, it has been found that tiie inclusion of 110 
resistor 65 across junction points 24 and 26 
will bring the switch 10 into a stable quie- 
scent condition. 

Resistor 65 is considered to have a dual 
function in allowing a better balance of tiie 115 
alternating voltage signal supplied and as a 
further fine tuning on the sensitivity. Resis- 
tor 65 is considered to desensitize tiie inputs 
to a degree to allow for a balanced condi- 
tion over a wide range of amplitudes of the 120 
alternating voltage signal and further to al- 
low for more imbalance in the values of 
resistors 62 and 64. As can now be seen, if 
the remainder of the circuit is in complete 
balance, includmg the values of resistors 62 125 
and 64, resistor 65 would not be needed since 
the amplitude of the alternating voltage sig- 
nal could be used as a fine sensitivity adjust 
Also, resistor 65 may not be needed with 
tiie circuit of Figure 3 if the supply voltage 130 



1,491,348 



to sensor 14, as across terminals 144 and 
146, is sufficiently high as to provide a sig- 
nificant threshold for the switch 10. 
As a specific example of an operable 

5 switch within the ranges indicated above, 
using the circuitry shown in Figures 1 and 
3 with resistors 62 and 64 of a value of 22 
mpgohms, a value of resistor 65 of 3.3 meg- 
ohm, and an amplitude of the alternating 

10 voltage input of 150 volts peak to peak, a 
very stable switch results which wiU allow 
a length of twisted pair wires 28 and 30 to 
a hundred feet and will require an actual 
touch of a sxirface 12 or 13 to provide an 

15 actuation of the switch. A value of resistor 
65 of 1 megohm can also be used to provide 
a stable switch. At a value of resistor 65 of 
approximately 10 megohms, sporadic non- 
actuated actuation of the svntch may pos- 

20 sibly occur. 

It is to be noted tliat the switch 10 allows 
a significant length of wire for twisted pair 
inputs 28 and 30, in complete contradistinc- 
tion to many switches of its class knov/n 

25 heretofore. This would allow, for example, a 
hand-held tool to support only touch sur- 
faces 12 and 13 and have the remaining por- 
tions of switch 10 adjacent the curcuitry or 
device to be controlled. The lunitation on 

30 the length of wire tolerable is related to the 
sensitivity desbed, and ultimately to the 
capacitance of the human to be sensed. It 
win now be understood by those skilled in 
the art that if wires 28 and 30 are excessively 

35 long, they present a capacitance v/hich will 
so greatly exceed the approximately 100 
picofarad value of the capacitance of the 
human as to mask the touch of the human 
and prevent actuation of the switch. Other 

40 like ^ects occur because of excessively long 
wkes 28 and 30, such as those more well 
known to designers in the art. 

It may also be desirable to remove one or 
more of the connections between ckcuit 

45 ground and earth ground in the switch 10 
and float the switch with respect to ground. 
In this case, the drcuitry of the present in* 
vention may remain unchanged, or blod: 22 
and its associated common mode signal may 

50 be eluninated if oscillation is provided to dif- 
ferentia] sensor 14 through a floating power 
supply 20 or other technique as set forth m 
United States Patent Specification No. 
3,862,432. It is preferred, however, even in 

55 this case to mdude a fixed connection be- 
tween junction point 60 and a circuit refer- 
ence, such as junction point 70 of power 
supply 20 now considered to be floating with 
respect to earth ground as by the removal of 

60 the connection between junction point 76 of 
power supply 20 and earth ground 46. The 
fixed connection 58 between junction pomt 
60 of input circuitry 15 and the junction 
point 52 has been found to provide more re- 

65 liable actuation of tlie switch, although in 



the floating mode, the connection 58 is not 

necessary. 

Now that the switch 10 has been described, 
some extensions and variations may be ob- 
vious to one having ordinary skill in the art, 70 
For example, the exclusive OR circuit 14 
specifically shown in Figure 3 may be re- 
placed by a circuit which is inverting or not 
inverting, as desired. 

Also, ckcuitry which does not use MOS 75 
semiconductors, but transistors or other 
semiconductor or amplifying devices, is 
clearly usable in the switch 10 of the present 
invention. MOS devices are preferred be- 
cause they may be integrated and thus fab- 80 
ricated in smdl size and because they offer 
a threshold of approximately one-half of the 
supply voltage applied. Further, MOS de- 
vices offer a high input impedance and accept 
extremely low levels of current which may 85 
elimmate the use of an additional amplifier 
or buffer amplifier if other devices are used 
for the exclusive OR circuit 14. That is, 
additional amplification or buffer amplifiers 
may be required prior to input circuitry 15 90 
to sense the low level of current from the 
human operator. 

Additionally, the resistors shown in input 
ckcuitcy 15 may be replaced by other im- 
pedances as is shown clearly m Figure 2 95 
where the resistances have been replaced 
with capadtors of like number. Resistors, 
however, are preferred because of their ease 
of manufacture in small size. 

Furtiier. the output of the switch 10 may 100 
be quite easily encoded, for example, by 
providmg the outout voltage available at 
junction pomt 176 m well known coded 
fashion to several multiple input amplifiers 
such as amplifier 18. Therefore, when several 105 
switches 10 are to be located in a given area, 
such as on a keyboard, an encoded output 
may be obtained with fewer than one amp- . 
lifier 18 for each pair of touch surfaces. 

Furthermore, the switch 10 will operate HO 
with a one wire mput rather than the double 
wire mput, 28 and 30, shown. It will be 
realized that this connection may reqmre 
a balancmg capacitor to the unconnected in- 
put to thus balance the capacitance of the 115 
wire from the sensor input to the touch 
surface. 

Still further, the ou^ut of the switch 10 
may be taken from junction point 140 under 
certain circumstances, thus eluninating the 120 
necessity for the diode 178, capadtor 16, 
resistor 180, and the remaining drcuitry as- 
sociated with amplifier 18. /Si example of 
such a circumstance is k the device to be 
controlled operates durmg a tune period 125 
which is quite small by comparison with the 
time period of the alternating voltage signal 
input to the switch 10. Such a device, for 
example, can be a computer which requires 
the energizing of a flip-flop circuit operatmg 130 
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in nanoseconds. As is well known, a single 
60 hertz pulse from the switch 10 can effect 
such an energization and no further pulses 
are necessary and further pulses, as would 
5 be provided by the switch 10 upon a con- 
tinued touch of the operator, would not 
change the state of the fyip-flop and thus 
would be i^ored and not detrimental to dr- 
cuit operation. 

10 

WHAT WE CLAIM IS:— 

1. A touch or proximity actuated elec- 
tronic switch, comprising in combination: a 

15 logic circuit including a first signal input 
and a second signal input for receiving res- 
pective signals to be compared and including 
a signal output for providing an output sig- 
nal related to the differences in the input 

20 signals received; one or two surfaces for 
actuation of the electronic switch by touch- 
ing of the or either surface by a person or 
by proximity to the or either surface of the 
person; means providing an electrical con- 

25 nection between the or each said surface 
and a respective one of the signal inputs of 
the logic circuit; and a circuit adapted to be 
supplied with electrical power and to apply 
alternating voltage signds normially substan- 

30 tially balanced in phase and amplitude to the 
first and second signal inputs of the logic 
circuit, the switch being adapted so that 
unbalance at least in phase of the voltage 
signals applied to said first and second sig- 

35 nal inputs is caused in use by the person's 
touching or being in proximity to the or 
either said surface, due to capacitance of the 
person, so as to actuate the switch. 

2. A touch or proximity actuated electro- 
40 nic switch according to claim 1 and further 

including integrating means: and means pro- 
viding an electrical connection between the 
signal output of the logic circuit and the in- 
tegrating means. 

45 3. A touch or proximity actuated elec- 
tronic switch according to claim 2, includ- 
ing an impedance connected as a shunting 
element between the first and second signal 
inputs of the logic circuit to provide in- 

50 creased noise suppression and sensitivity con- 
trol. 

4. A touch or proximity actuated elec- 
tronic switch according to daim 2 or claim 
3, including an amplifier with a signal input 

55 for receivmg a signal to be amplified and a 
signal output for providing an amplified sig- 
nal output; and means for providing an elec- 
trical connection between the integrating 
means and the signal input of the amplifier. 

60 5. A touch or proximity actuated elec- 
tronic switch according to any one of dauns 
2 to 4, wherein the lopic circuit comprises an 
^elusive OR logic curcuit 
6. A toudi or proxunity actuated dec- 

65 tronic switch accordmg to claim 1, wherein 



said logic circuit is an exdusive OR logic 
circuit 

7. A touch or proxunity actuated elec- 
tronic switch according to claim 6, includ- 
ing: integrating means; and means provid- 70 
ing an electric^ connection between the sig- 
nal output of the logic circuit and the inte- 
grating means, wherein the integrating means 
includes a capacitor and wherein the means 
providing an electrical connection between 75 
the signal output of the logic circuit and the 
integrating means indudes a unidirectional 
conduction device. 

8. A touch or proximity actuated elec- 
tronic switch according to any preceding 80 
claim, wherem the circuit for appljdng the 
alternating voltage signals to the logic circuit 
includes a first impedance connected to the 
first signal input and a second impedance 
connected to the second signal input with the 85 
first and the second impedances having 
values which are substantially balanced. 

9. A toudi or proximity actuated elec- 
tronic switch according to any one of claims 

1 to 7, including: a first impedance and a 90 
second impedance with the first impedance 
and the second impedance having values 
which are substantially balanced; an electri- 
cal junction point; means electrically con- 
necting the first impedance between the junc- 95 
tion point and the first input of the logic 
circuit; means electrically connecting the 
second impedance between the junction point 
and the second input of the logic circuit; and 
means connecting the junction point to the 100 
circuit to enable the alternating voltage sig- 
nals to be applied to the logic circuit 

10. A touch or proxunity actuated dec- 
tronic switch according to daim 8 or daim 

9, wherein the first and second impedances 105 
comprise resistors. 

11. A touch or proximity actuated elec- 
tronic switch according to any preceding 
claim, wherein the logic ckcmt comprises 
MOS semi-conductor devices. 110 

12. A touch or proximity actuated elec- 
tronic switch according to any preceding 
claim, wherein the means providing an elec- 
trical connection between at least one touch 
surface and said respective one of the inputs 115 
to the logic circuit comprises a twisted pair 

of wires with one wire connected to the first 
signal injput of the logic circuit and the 
second wu:e connected to the second signal 
mput of the logic circuit. 120 

13. A touch or proximity actuated elcc- 
tromc switch substantially as hereinbefore 
described with reference to the accompany- 
mg drawings. 

CLEVELAND AND JOHNSON. 
Chartered Patent Agents. 
Agents for the Applicants, 
Qiancery House, Chancery Lane, 
London, WC2A IQU. 
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1491348 COMPLETE SPECIFICATION 

1 SHEET ^^^^ drawing is a reproduction of 
the Original on a reduced scale 
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